Traumatic renal injury is infrequent, occurring in w1% to 3% of trauma cases, with major renal vein injury an even more rare traumatic entity. Conservative, operative, and endovascular management strategies have been infrequently reported in the literature. We report a patient with traumatic renal vein injury with pseudoaneurysm formation that was successfully treated with endovascular stenting. (J Vasc Surg Cases 2015;1:157-60.) Traumatic renal vein injury is a rare traumatic entity. Approaches to management of this injury can include conservative, surgical, or endovascular treatments. However, these strategies have been infrequently described in the literature. In this case report, we present a case of successful endovascular treatment of a patient who sustained a traumatic renal vein pseudoaneurysm after blunt trauma. The patient consented to publication of this report.
patient's clinical status despite resuscitation, the trauma team recommended angiographic evaluation of his solid organ and pelvic injuries.
Based on Eastern Association for the Surgery of Trauma guidelines and local practice patterns, a decision was made to conservatively manage this patient's grade II splenic injury. 1 Arterial access was obtained via the right common femoral artery using standard technique. Selective right main renal artery arteriography demonstrated truncation of a second-order arterial branch supplying the superior pole of the right kidney (Fig 1, B) . This vessel was selectively catheterized using a Direxion microcatheter (Boston Scientific, Natick, Mass), and a small amount of extravasation of contrast was visualized. This vessel was selectively embolized using Target detachable coils (Stryker Neurovascular, Kalamazoo, Mich). Renal arteriography failed to demonstrate an arteriovenous fistula or arterial pseudoaneurysm to account for the large pseudoaneurysm visualized on CT. In addition, pelvic arterial angiography was negative for major injury. Given the patient's clinical status, the decision was therefore made to evaluate the right renal vein.
Left common femoral venous access was obtained using standard technique. Given the difficulty accessing the right renal vein with a 5F catheter and 0.035-inch wire, a Direxion microcatheter and 0.014 Synchro standard microwire (Stryker Neurovascular) were used. Over this coaxial system, a 5F catheter was advanced into the right renal vein, and venography using standard digital subtraction angiography and C-arm CT venography was performed ( Fig 2, A and B) . Venography demonstrated the large venous pseudoaneurysm visualized on conventional CT, with only trace filling of the inferior vena cava through the small residual channel existing between the renal vein pseudoaneurysm and inferior vena cava, suggesting a partial avulsion injury of the renal vein. The catheter was exchanged for a long 7F sheath.
Intravenous heparin (2000 U) was administered, and a 6-mm Â 4-cm Atlas angioplasty balloon (Bard Medical, Murray Hill, NJ) was used to predilate the medial renal vein. On the basis of CT and venography measurements, a self-expanding, 14-mm Â 4-cm SMART nitinol stent (Cordis, Bridgewater Township, NJ) was then deployed across the area of injury. The stent was postdilated with a 12-mm Â 4-cm Atlas balloon. Venography showed a patent renal vein without filling of the pseudoaneurysm (Fig 2, C) .
After this treatment, the patient's heart rate normalized, and his hematocrit did not decrease further. Imaging performed at the 3-month follow-up demonstrated patency of the renal artery and renal vein stent (Fig 3) .
In polytrauma patients, knowing to what extent each injury is accounting for the patient's blood loss is often impossible. We believed the arterial injuries did not account for the degree of hematocrit drop alone, which is why the renal vein was evaluated. However, management may have been warranted in any case given the risk for further blood loss or compromise of the kidney secondary to potential renal vein thrombosis. 
DISCUSSION
Traumatic renal vein injury is infrequent, occurring in w1% to 3% of trauma cases, rarely in isolation. 2 Major injury to the central renal vasculature causes significant morbidity and mortality. 3 Surviving patients are at risk for renal necrosis with abscess, acute or chronic renal failure, and renovascular hypertension. [4] [5] [6] Management of renal trauma remains controversial but has generally moved toward expectant measures for hemodynamically stable patients, both for avoidance of unnecessary nephrectomy and maximal preservation of renal function. [7] [8] [9] Although there is consensus that renovascular injury with hemodynamic instability necessitates intervention, 9 indications for particular management strategies are less clear. Surgical exploration provides expedient detection of bleeding and hemodynamic control but frequently results in nephrectomy. 2, 8, 10 Percutaneous arterial embolization for high-grade injuries can be performed with excellent technical and clinical success, with few complications at intermediate-term follow-up. 11, 12 Isolated major renal vein injury is rare and can be treated conservatively in the stable patient. 6, 13 Operative and endovascular management strategies for this entity are sparsely reported in the literature. Sameulson et al 14 described a patient with traumatic right renal vein avulsion that was successfully repaired surgically with end-to-side anastomosis. Mejia et al 15 described a traumatic renal vein pseudoaneurysm similar in morphology to our case, but it was not accompanied by hemodynamic instability and was successfully managed conservatively.
Stenting for mesoaortic compression of the left renal vein (nutcracker syndrome) has been shown to be safe and effective. 16 Although all patients in that series were anticoagulated with antiplatelet agents for at least 3 months, low rates of thrombosis were also attributed to relatively high venous blood flow and endogenous urokinase.
Endovascular stenting interventions in the polytrauma patient create the dilemma of whether to anticoagulate and, if so, to what degree. There is a paucity of literature on this topic, and there are no established guidelines, particularly in regards to venous stenting. A recent review of stents placed in the setting of carotid injury 17 shows promising results for patency after a regimen of antiplatelet therapy. However, these data are difficult to extrapolate to the venous system or in our particular patient.
Our patient was initially maintained on anticoagulation with intravenous heparin because of the presumed risk of bleeding from his other injuries at presentation and for imminent pelvic fracture reduction surgeries. The patient was transitioned to and maintained on aspirin once these surgeries were complete.
C-arm CT can be a valuable tool during angiography to delineate vascular injuries. In our patient, this technique was valuable to evaluate the renal vein injury and to plan for endovascular treatment.
CONCLUSIONS
In our experience, renal vein stenting achieved the primary objective of hemodynamic stabilization while also maximally preserving viable parenchyma. Although the ultimate durability of this intervention remains unknown, findings at short-term follow-up are encouraging.
